L
ong-term potentiation (LTP) in afferent inputs to the amygdala is recruited during fear conditioning and used for retention of fear memory (1) (2) (3) (4) (5) . A subset of glutamatergic neurons in fear conditioning pathways, including pyramidal neurons in the lateral nucleus of the amygdala (LA) where conditioned stimuli (CS) and unconditioned stimuli converge during fear learning (6) (7) (8) (9) , is enriched in zinc (Zn 2ϩ ) (4) . Zn 2ϩ is found to be in a high concentration in synaptic vesicles at various synapses and to be colocalized with the neurotransmitters glutamate or GABA (10, 11) . Previous studies have demonstrated that this vesicular Zn 2ϩ can be released in a Ca 2ϩ -dependent manner in different regions of the brain, including the hippocampus, cortex, and amygdala, in response to synaptic stimulation at both glutamatergic and GABAergic synapses (11) (12) (13) (14) (15) (16) (17) (18) (19) . This set of findings suggested to us the possibility that vesicular zinc may have a role in synaptic plasticity in the neural circuitry of fear learning. Zn 2ϩ has been implicated in a variety of neuronal functions in the mammalian brain both as a paracrine and as an autocrine mediator (20) . However, despite intensive efforts the functional role of releasable zinc in synaptic transmission and plasticity remained elusive (10, 20) . Here we report that chelatable zinc, released during synaptic activation, is critically involved in control of LTP in the cortico-amygdala pathway, which conveys auditory information about the CS to the amygdala during fear conditioning. We find that zinc acts by suppressing feed-forward inhibition of projection neurons by local circuit interneurons. The pathway-specific expression of zinc-containing cells suggests that this regulatory mechanism may define the spatial pattern of synaptic modifications in auditory inputs to the amygdala implicated in the acquisition of fear memory.
Results

Expression of ZnT-3 Gene and Distribution of Zn 2؉ -Containing Cells in
the LA and in the CS Pathways. We earlier found that the principal cells in the lateral amygdala express the gene ZnT-3 (4), whose product, zinc transporter 3 (ZnT-3), controls Zn 2ϩ concentration in synaptic vesicles (21) . We have now analyzed the overlap between the distribution of Zn 2ϩ -containing cells and ZnT-3 expression in the fear conditioning pathways of the rat brain by performing Timm staining ( Fig. 1 A and B) and in situ hybridization with ZnT-3 RNA ( Fig. 1 C and D) , respectively. We found Zn 2ϩ and ZnT-3 to be highly visible in the LA and in the temporal area 3 of the auditory cortex, the cortex that sends auditory information to the amygdala during fear learning. Surprisingly, neither Zn 2ϩ nor ZnT-3 was found in the medial division of the medial geniculate nucleus͞ posterior intralaminar nucleus region of the auditory thalamus, another afferent area projecting to the LA and implicated in auditory fear conditioning (6, 7) . These findings indicate that release of vesicular Zn 2ϩ might be involved, in an input-specific fashion, in the regulation of synaptic function in the amygdala. in synaptic plasticity in the lateral amygdala, we first examined whether Zn 2ϩ released during presynaptic stimulation is necessary for the induction of a physiologically relevant form of LTP, spike timing-dependent LTP, at the cortico-amygdala pathway. This pathway contains zinc and expresses ZnT-3 (see Fig. 1 ). We obtained whole-cell recordings of excitatory postsynaptic potentials (EPSPs) in a current-clamp mode at resting membrane potential from visually identified pyramidal neurons in the dorsolateral division of the LA in brain slices in the presence of GABA-mediated inhibition. Pairing of EPSPs induced by lowfrequency presynaptic stimulation (2 Hz) of the external capsule (EC) (cortical input) (3, 6) with action potentials (APs) evoked in a postsynaptic neuron with 4-to 6-ms delay from the onset of each EPSP led to LTP of the cortico-amygdala responses to 126.8 Ϯ 13.7% (n ϭ 9; significantly different from the baseline EPSP amplitude, paired t test, P Ͻ 0.05) (Fig. 2 A and B) . Inclusion of the selective Zn 2ϩ chelator N,N,NЈ,NЈ-tetrakis(2-pyridylmethyl)ethylenediamine (TPEN) (100 nM; K D ϭ 0.26 fM) (11) in the bath solution abolished LTP in the cortical input to the LA (107.8 Ϯ 12.1% of the baseline EPSP; n ϭ 6; P Ͼ 0.1) (Fig. 2 C and D) . TPEN, even in a significantly higher concentration than in our experiments, has no effect on glutamatergic EPSPs (22) . When inhibition was eliminated by blocking the GABA A receptors (GABA A R) in the presence of TPEN with the selective antagonist picrotoxin (PTX) (100 M), LTP was restored. Now the same induction paradigm resulted in significant potentiation of the cortico-amygdala EPSP (155.2 Ϯ 27.6% of the baseline EPSP; n ϭ 5; significantly different from the baseline EPSP amplitude, t test, P Ͻ 0.01) (Fig. 2 E and F) . These findings indicate that Zn 2ϩ released during the induction procedure promotes LTP at the cortico-amygdala synapses through inhibition of a GABA-dependent mechanism.
The effect on LTP was specifically linked to chelation of extracellular Zn 2ϩ . The membrane-impermeable Zn 2ϩ chelator Ca-EDTA (1 mM) also abolished LTP fully in cortical input to the LA when GABA A inhibitory responses were not blocked (the EPSP remained at 101.8 Ϯ 14.5% of the baseline amplitude 40 min after the induction; n ϭ 5; P ϭ 0.5). As is the case at the mossy fiber synapses in the hippocampus (14, 15) , chelation of extracellular Zn 2ϩ with Ca-EDTA had no effect on basal glutamatergic synaptic transmission in the LA with the EPSP remaining at 92 Ϯ 4.7% of its initial value (n ϭ 6; P ϭ 0.6 vs. the baseline amplitude; 20 min after switching to Ca-EDTAcontaining solution). This finding indicates that ambient Zn 2ϩ does not modulate excitatory synaptic transmission in afferent inputs to the amygdala. The action of Ca-EDTA was specific to its ability to chelate Zn 2ϩ ; it did not affect Ca 2ϩ -dependent glutamate release, as evidenced by unchanged paired-pulse facilitation recorded at a 50-ms interpulse interval (baseline paired-pulse facilitation value, 1.6 Ϯ 0.1; paired-pulse facilitation value in the presence of Ca-EDTA, 1.5 Ϯ 0.1; n ϭ 6; P ϭ 0.4). Mimicking Zn 2؉ Release Suppresses GABAA Receptor-Mediated Inhibition of Principal Neurons in the LA. As we have shown (4), the susceptibility of synapses in the lateral amygdala to LTP is under control of local circuit interneurons that provide feed-forward inhibition of principal cells. Similar to other central synapses, LTP in afferent inputs to the LA is enhanced when inhibitory influences are weakened either pharmacologically (23) or genetically (4). We therefore next asked whether mimicking Zn 2ϩ release would decrease the level of GABA-mediated tonic inhibition of the principal neuron in the LA, thus potentially facilitating the induction of LTP. To this end we investigated the effects of exogenous Zn 2ϩ on spontaneous inhibitory postsynaptic currents (sIPSCs) recorded under voltage-clamp conditions. We collected the sIPSCs at a holding potential of Ϫ70 mV using a chloride-based pipette solution in the presence of 20 M 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) to block the ␣-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid glutamate receptors. Functional estimates indicate that activation of central synapses could lead to a peak extracellular Zn 2ϩ concentration in brain slices of Ͼ100 M and even up to 300 M in response to strong stimulation (10, 14) . In our experiments bath application of 100 M Zn 2ϩ decreased both the amplitude and frequency of sIPSCs recorded in the LA neurons. Mean sIPSC amplitude in the absence and presence of Zn 2ϩ was 50.8 Ϯ 9.4 pA and 29.5 Ϯ 5.3 pA (n ϭ 9; paired t test, P Ͻ 0.05) (Fig. 7 A, B , D, and F, which is published as supporting information on the PNAS web site), respectively, whereas the frequency of sIPSCs was decreased from 5.1 Ϯ 1.0 Hz to 3.5 Ϯ 0.9 Hz (n ϭ 9; P Ͻ 0.05) ( Fig.  7 C and E).
The observed changes in inhibition could be due to a decrease in the AP firing of local circuit interneurons and due to direct effects of Zn 2ϩ on the function of GABAergic synapses. To explore this possibility we measured the size and the frequency of miniature IPSCs, which represent responses to the spontaneous release of single GABA-containing vesicles when the firing of AP is blocked with tetrodotoxin. We found that Zn 2ϩ application led to a significant decrease in the miniature IPSCs amplitude from 42.8 Ϯ 9.7 pA to 31.2 Ϯ 9.8 pA (paired t test, P Ͻ 0.05) ( Fig. 8 A, B , D, and F, which is published as supporting information on the PNAS web site). The frequency of miniature IPSCs was also decreased from 4.1 Ϯ 1.0 to 2.2 Ϯ 0.5 Hz (n ϭ 6; P Ͻ 0.05) (Fig. 8 C and E) . This finding indicates that Zn 2ϩ was acting both presynaptically (decreasing GABA release) and postsynaptically (decreasing postsynaptic sensitivity to GABA).
Only a fraction of all GABAergic inputs to a given projection neuron (assessed by recording the spontaneous GABA A R IPSCs) is activated during stimulation of a specific neural pathway. We therefore investigated the effects of Zn 2ϩ on feed-forward inhibition generated by cortical afferent fibers that terminate in the LA. Stimulation of the EC (see Fig. 3A , stimulating electrode S e ) led to the appearance of biphasic synaptic responses recorded in a current-clamp mode in cells with accommodating firing properties, which is indicative of pyramidal neurons (Fig. 3B ). When the cell was depolarized by current injection from a normal resting membrane potential to Ϫ50 mV, a single presynaptic stimulus resulted in the CNQX-sensitive glutamatergic monosynaptic EPSP followed by the GABA A R inhibitory postsynaptic potential (IPSP) (Fig. 3C) , as evidenced by its sensitivity to PTX (100 M) (data not shown). The EPSP͞IPSP sequences were completely abolished by CNQX (20 M), revealing the disynaptic nature of the IPSP (Fig. 3 C and  D) . Zn 2ϩ (100 M) application now reduced the feed-forward IPSP to 59.5 Ϯ 4.9% of its initial value (n ϭ 10; P Ͻ 0.01) (Fig. 3 E, F , and H) whereas the size of the ␣-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor-mediated EPSP was not significantly affected (P ϭ 0.6) (Fig. 3 E-G) . In agreement with earlier findings (23), the recruitment of feedback inhibition in the LA was unlikely in these experiments because we used a relatively lowintensity presynaptic stimulation that did not trigger AP in recorded projection neurons. We also studied the effects of Zn 2ϩ on isolated monosynaptic IPSCs recorded under voltage-clamp conditions without contamination by glutamatergic synaptic responses that were blocked by CNQX (20 M) and the NMDA receptor antagonist D-2-amino-5-phosphonopentanoic acid (50 M). For this purpose, the stimulation electrode was placed in the LA to stimulate inhibitory interneurons directly (Fig. 3A, stimulating electrode S i ) . Similar to the experiments with disynaptic IPSPs, bath application of Zn 2ϩ (100 M) reduced the isolated monosynaptic IPSC to 38.9 Ϯ 9.2% (n ϭ 9; significantly different from the baseline responses, P Ͻ 0.01) (Fig. 3 I-L) . Synaptic responses in the LA mediated by GABA A Rs exhibited a high sensitivity to actions of Zn 2ϩ as they were depressed by zinc in concentrations as low as 10 M. Moreover, we found that the amplitude of the GABA A R IPSP was not significantly affected by bath application of the benzodiazepine type 1-selective GABA A R agonist zolpidem (100 nM) (n ϭ 5; P ϭ 0.6). Low sensitivity of GABA A R IPSPs in the LA to zolpidem combined with a high sensitivity of these receptors to Zn 2ϩ suggests that a relatively homogenous population of GABA A R subtypes exists at these synaptic inputs (24) .
Synaptically Released Zn 2؉ Suppresses Feed-Forward Inhibition in the
Cortico-Amygdala Pathway and Gates LTP. To obtain evidence that release of Zn 2ϩ during delivery of the LTP protocol leads to depression of inhibitory inputs to principal cells in the LA, we recorded the feed-forward disynaptic inhibitory responses evoked by stimulation of the cortical input. We recorded GABA A R IPSCs at a holding potential of 0 mV, which is close to the reversal potential of the ␣-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor EPSC. Under these conditions the contribution of monosynaptic glutamatergic component to the peak amplitude of the evoked synaptic response was negligible. To prevent synaptic plasticity in these experiments we included a high concentration of the Ca 2ϩ chelator EGTA (10 mM) in the intracellular recording solution (25) and NMDA receptor antagonist D-2-amino-5-phosphonopentanoic acid (50 M) in the bath solution. After recording baseline GABA A R IPSCs evoked by stimulation of once every 20 s, the cortical pathway was stimulated with a paradigm used to induce LTP at cortico-amygdala synapses (40 s at a frequency of 2 Hz; see Fig. 2 ). In the course of 2-Hz stimulation, the mean amplitude of GABA A R IPSC was reduced by 30.2 Ϯ 12% (n ϭ 8; significantly different from the baseline IPSC amplitude, paired t test, P Ͻ 0.04) (Fig. 4 A-D) . Consistent with the notion that the observed decreases in the magnitude of feed-forward IPSCs were due to action of synaptically released Zn 2ϩ , the zinc chelator TPEN abolished the effect of 2-Hz stimulation on the IPSC at a concentration that had no effect on baseline responses (100 nM). With TPEN in the bath solution, the IPSC recorded in the course of 2-Hz stimulation was decreased only by 16.2 Ϯ 12.6% (n ϭ 8; not significantly different from the baseline responses, P ϭ 0.4) (Fig. 4  E-H) .
Thus, we demonstrated that LTP in cortical input could not be induced when external Zn 2ϩ is chelated, whereas blocking GABA A R-mediated inhibition with PTX allows LTP induction, even in the presence of Zn 2ϩ chelator (see Fig. 2 ). However, the complete blockade of inhibition by a high concentration of PTX could unspecifically enhance LTP at the LA synapses. Indeed, in the presence of 100 M PTX the EPSP was potentiated to 157.9 Ϯ 16.8% (n ϭ 6) of its initial amplitude (Fig. 5 A and B ; not significantly different from the amount of LTP observed in the presence of both PTX and TPEN) (see Fig. 2F ; P Ͼ 0.1). To obtain evidence that the depression of GABA A R-mediated inhibition by zinc during the LTP-inducing stimulation might be responsible for the modulation of LTP, we tested the effect of an intermediate concentration of PTX that produces a block of inhibition that is similar to the block seen with synaptically released Zn 2ϩ . As shown in Fig. 5 C and D, 1 M PTX, which reduced the amplitude of the isolated GABA A R IPSC by Ϸ30-40% ( Fig. 5E ; the IPSC was reduced to 57 Ϯ 3% of its baseline amplitude; n ϭ 4), which is nearly identical to the reduction in the size of the IPSC observed in the course of 2-Hz presynaptic stimulation (Fig. 4C) , also rescued LTP in the presence of TPEN. Under these conditions the EPSP was potentiated to 127.2 Ϯ 17.4% (n ϭ 6; paired t test, P Ͻ 0.05 vs. baseline). This finding is consistent with the view that zinc-mediated decreases in feed-forward inhibition of principal neurons observed during LTP-inducing presynaptic stimulation are sufficient to gate LTP at the cortico-amygdala synapses.
Discussion
Auditory fear conditioning results from the temporal association of conditioned and unconditioned stimuli in the course of behavioral training (6, 7, 9, 26 ). Information about the CS is mediated to the lateral nucleus via the thalamo-amygdala and cortico-amygdala pathways. Our present results provide direct evidence that Zn 2ϩ released during synaptic activation enables LTP at amygdala synapses by decreasing feed-forward GABAergic inhibition of principal neurons. Reduced feed-forward inhibition could promote LTP by influencing back-propagation of AP (23) . Because spike timingdependent LTP at cortico-amygdala synapses is NMDA receptordependent and blocked by the NMDA receptor antagonist (see Fig.  5F ), a weaker inhibitory drive would allow for the enhanced activation of NMDA receptors in cortical pathway and facilitate LTP induction.
Release of detectable quantities of zinc, even in response to individual presynaptic pulses, has been recently directly demonstrated in mouse hippocampal slices with imaging techniques (ref. 18 , but see ref. 19) . At mossy fiber synapses in the hippocampus, Zn 2ϩ serves as a modulatory neurotransmitter that shapes the NMDA receptor-mediated synaptic currents by both voltagedependent and voltage-independent mechanisms when coreleased with glutamate in response to synaptic activation (ref. 14; also see ref. 27) . It has been shown earlier that the voltage-dependent Zn 2ϩ inhibition of recombinant NMDA receptors could be observed with externally applied Zn 2ϩ in the micromolar concentration range. This inhibition was found to be similar in NR2A and NR2B subunit-containing NMDA receptors (28) . However, the voltageindependent inhibition occurs at significantly lower concentrations of Zn 2ϩ in NR2A-containing receptors than in NR1-NR2B receptors (IC 50 in the nanomolar and micromolar concentration range of Zn 2ϩ , respectively; see ref. 28 ). Because we recently found that the induction of spike timing-dependent LTP in the cortico-amygdala pathway depends entirely on activation of the NR2B-containing NMDA receptors (R. M. Shin and V.Y.B., unpublished data), it is likely that the amount of Zn 2ϩ released during LTP-inducing stimulation in the amygdala, although sufficient for the high-affinity zinc inhibition of NR2A-containing receptors, does not reach levels required to block NMDA receptors containing the NR2B subunit and therefore does not directly affect the NMDA receptors implicated in the induction of LTP. Consistent with this notion, the detectable effects on the feed-forward IPSC and LTP in the cortico-amygdala pathway were observed in our study at a relatively low concentration of TPEN.
Zinc also blocks GABA A R with certain subunit composition (17, 24) . Moreover, it has been shown that zinc can contribute to pathophysiology of epilepsy by inducing collapse of GABAmediated inhibition in the dentate gyrus (29) . A recent study demonstrated that zinc can be coreleased with GABA in the CA3 region of the guinea pig hippocampus (11) . Consistent with our findings at the cortico-amygdala synapses, this activity-dependent release of zinc led to depression of monosynaptic GABA A Rmediated IPSCs evoked in CA3 principal neurons by stimulation in Fig. 6 . A model for input-specific modulation of GABAergic inhibition by synaptically released zinc in the lateral amygdala. GRP is released by neurons projecting to the LA (see ref. 4) . GRP binds to receptors on interneurons, leading to their enhanced firing and stronger inhibition of principal neurons. Glutamatergic cortico-amygdala afferents also contain Zn 2ϩ , whereas no Zn ϩ -containing cells are detected in the thalamic CS areas also sending glutamatergic projections to the LA. Input-specific suppression of feed-forward GABAergic inhibition of principal neurons in the LA by synaptically released Zn 2ϩ may control spatial specificity of LTP in fear conditioning pathways. the dentate gyrus. However, the role of endogenous zinc released by synaptic activity in the induction of LTP was not demonstrated in this previous work. Although the effect on LTP observed in our study depended on chelation of extracellular Zn 2ϩ , a role of intracellular Zn 2ϩ in modulation of synaptic function could not be ruled out, because zinc could act inside the neuron by entering it via voltage-dependent Ca 2ϩ channels or through NMDA or Ca 2ϩ -permeable ␣-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid glutamate receptors (15) .
Our previous results provided evidence that gastrin-releasing peptide (GRP) is expressed by a fraction of glutamatergic neurons (also enriched in Zn 2ϩ ) in the LA and in the auditory CS regions (4). Binding of GRP to its receptors on interneurons leads to release of GABA, thus decreasing susceptibility of synapses in the corticoamygdala pathway to LTP (Fig. 6) . Colocalization of GRP and zinc suggests an interesting possibility that different neuromodulators may be coreleased at the set of synapses conveying the CS information to the amygdala, providing a precise control of the inhibitory inputs to LA projection neurons, and therefore affecting the capability of neural network to undergo plastic changes needed for fear learning to occur.
What is the potential functional significance of the observed effects of synaptically released Zn 2ϩ in the lateral amygdala? Only a fraction of neurons in fear conditioning pathways expresses ZnT-3 transporter, a specific marker for zinc-containing neurons (4, 21, 30) . Furthermore, in the present study both Zn 2ϩ and ZnT-3 were detected in the LA and in the temporal area 3 of the auditory cortex, but not in the medial division of the medial geniculate nucleus͞ posterior intralaminar nucleus region of the auditory thalamus, afferent areas that deliver to the LA the auditory CS information during fear conditioning (see Fig. 1 ). Consistent with the lack of ZnT-3 expression in the auditory thalamus described by us, a previous study has demonstrated that the EPSP-AP pairing induction protocol does not result in LTP in thalamic input to the LA under conditions of intact GABAergic inhibition (23) . Based on these findings, we propose a model according to which activation of Zn 2ϩ -containing͞releasing cells could determine spatial specificity of synaptic modifications through highly localized release of Zn 2ϩ in response to synaptic activation (Fig. 6 ). This specificity could lead to selective potentiation of synaptic inputs where vesicular Zn 2ϩ is released during LTP-inducing activity, thus controlling spatial specificity of the information transfer in fear conditioning pathways and potentially contributing to the CS discrimination during recall of memory for fear.
Materials and Methods
In Situ Hybridization and Cytochemistry. RNA in situ hybridization was performed as described previously (31) . Timm staining was performed by using a modification of a previously published protocol (30, 32) . Briefly, a 1-month-old rat (125 g body weight) was anesthetized by 3.5 ml of 1.25% Avertin solution i.p. The rat was transcardially perfused with 200 ml of buffered sulfate solution (9.002 g of Na 2 S⅐9H 2 O and 2.975 g of NaH 2 PO 4 ⅐H 2 O in 500 ml of ddH 2 O) followed by 200 ml of a fixative [4% paraformaldehyde in 1ϫ PBS (pH 7.3)]. The brain was removed, postfixed in the same fixative for 48 h, and then rinsed with 1ϫ PBS (pH 7.3) for 30 min. Fifty-micrometer-thick sections were obtained by using Vibratome 1000 Plus, stored in 1ϫ PBS (pH 7.3), and put on glass slides to air-dry overnight. The sections were developed in the dark for 2 h in a developing solution (30 ml of 50% gum arabic͞5 ml of 2 M citrate buffer, pH 3.7͞15 ml of 5.67% hydroquinone͞0.25 ml of 17% AgNO 3 ), washed in running tap water for 10 min, and rinsed in ddH 2 O. The sections were placed in 5% sodium thiosulfate solution for 15 min to stop the reaction and fix, rinsed again in ddH 2 O for 5 min three times, and mounted by using glycerol and a 1ϫ PBS mixture (1:1).
Electrophysiology. Amygdala slices (250-300 m) were prepared from 3.5-to 5-week-old Sprague-Dawley rats with a vibratome. Slices were continuously superfused in solution containing 119 mM NaCl, 2.5 mM KCl, 2.5 mM CaCl 2 , 1 mM MgSO 4 , 1.25 mM NaH 2 PO 4 , 26 mM NaHCO 3 , and 10 mM glucose and equilibrated with 95% O 2 and 5% CO 2 (pH 7.3-7.4) at room temperature. Whole-cell recordings were obtained from projection neurons in the LA under visual guidance (DIC͞infrared optics) with an EPC-10 amplifier and Pulse v8.63 software (HEKA Elektronik, Lambrecht͞Pfalz, Germany). In all current-clamp experiments the patch electrodes (3-5 MOm resistance) contained 120 mM Kgluconate, 5 mM NaCl, 1 mM MgCl 2 , 0.2 mM EGTA, 10 mM Hepes, 2 mM MgATP, and 0.2 mM NaGTP (adjusted to pH 7.2 with KOH). To record spontaneous and evoked IPSCs, 120 mM KCl was used instead of K-gluconate. To examine the effects of synaptically released Zn 2ϩ on evoked GABA A IPSCs (the experiments shown in Fig. 4) , cesium methane-sulfonate was substituted for potassium in the pipette solution. Series resistance was monitored throughout the experiment and was in the range of 10-20 MOm. Synaptic responses were evoked by low-intensity current pulses applied through a fine-tipped (Ϸ5 m) concentric stimulating electrode consisting of a patch pipette that was coated with silver paint. The stimulating pipette was positioned to activate the cortical input to the LA. To evoke monosynaptic GABA A R IPSCs, the stimulation electrode was placed within the lateral nucleus of the LA. Summary LTP graphs were obtained by normalizing data in 60-s epochs to the mean value of the baseline EPSP. The sIPSCs were analyzed with Mini Analysis v6 software (Synaptosoft, Decatur, GA). For the cumulative sIPSC or miniature IPSC graphs, responses were normalized by the median value of synaptic events collected under baseline conditions in each individual experiment.
